Twenty-three patients who were symptomatic after mitral valve replacement, and in whom mitral paraprosthetic regurgitation was a possible cause of deterioration, were investigated by cardiac catheterization, phonocardiography, and echocardiography. Severe 
The results of mitral valve replacement continue to improve (Barclay et al., I972; Morrow et al., I967; Najafi et al., I969; Starr, I971) . In a small proportion of patients, however, the outcome may be disappointing and though this is usually due to irreversible left ventricular disease, the possibility of malfunction of the prosthesis or of additional uncorrected valve disease must always be considered (Peterson et al., I967; Rockoff et al., I966) . Unfortunately, clinical diagnosis in this situation is unreliable, so that a number of attempts have been made to use non-invasive techniques in order to improve diagnostic accuracy (Willerson et al., I972;  Wise, and Oakley, 197I) . We have studied a group of patients who deteriorated after mitral valve replacement with a Starr-Edwards prosthesis, correlating the clinical, phono-, and echocardiographic features with the results of investigation by cardiac catheterization and angiography in order to define their role in the diagnosis of mitral paraprosthetic leak. Subjects
Twenty-four patients were studied. All had mitral valve replacement with a Starr-Edwards prosthesis, and all were investigated on account of deteriorating exercise tolerance or the development of clinical evidence of heart failure, with mitral paraprosthetic regurgitation as an important diagnostic possibility. They were divided into 4 groups on the basis of the final diagnosis made after cardiac catheterization (23 patients) or reoperation. Pertinent clinical details are given in Table i . Group i consisted of 9 patients in whom there was no evidence of paraprosthetic leak demonstrable by left ventriculography. Symptoms were eventually ascribed to an obstructed mitral prosthesis in i, to an obstructed tricuspid prosthesis in a second, and to left ventricular disease in the remainder, one of whom had in addition a small fistula between the left ventricle and coronary sinus.
Group 2 consisted of 2 patients in whom symptoms were ascribed to left ventricular disease, but who had, in addition, small leaks associated with the prosthesis. Operation was not advised in either and they continue on medical treatment.
Group 3 consisted of ii patients with severe mitral paraprosthetic leak, which was felt to be the cause of symptoms and who were therefore referred for operation.
Group 4 contained 2 patients in whom symptoms were due primarily to aortic regurgitation, not corrected at the time of the first operation. Both were considerably improved after aortic valve replacement.
Cardiac catheterization and angiography
This was performed using standard techniques. Left ventriculography was performed in the right anterior I2I8 Miller, Gibson, and Stephens oblique position, and particular care was taken to ensure that the catheter did not interfere with the function of the prosthesis. In two cases, of whom one had a paraprosthetic leak, the left atrium was entered from the left ventricle. Mitral regurgitation was classified as mild, moderate, or severe, puffs of 'smoke-ring' incompetence being considered a normal finding (Rockoff et al., I966) . Left ventricular function was considered to be impaired if ejection fraction was reduced, if the left ventricular end-diastolic pressure was greater than I2 mmHg with respect to the mid-thorax, or if dyskinetic areas were present. Cardiac output was measured by the Fick method, oxygen uptake being measured by expired air analysis in 8 patients, and an assumed basal value being used in the remainder (Robertson and Reid, 1952) . Echocardiography Echocardiograms were recorded with a simultaneous electrocardiogram using an Ekoline 20 ultrasonoscope. The position of the transducer was adjusted until a satisfactory record was obtained showing the interventricular septum and the endocardial surface of the posterior wall of the left ventricle. In all cases, the two echoes from the ball of the prosthesis, and those from the valve ring and the apex of the cage were identified first and the position of the septal echo was confirmed to be anterior to these (Fig. I) . In several patients, further identification of the septal echo was obtained by recording a tricuspid valve echo immediately anterior to it. Septal movement was considered to be normal if the dominant movement during systole was in a posterior direction with respect to the transducer, and reversed if in an anterior direction. End-diastolic volume and stroke volumes were only calculated if septal movement was normal, since the measurement of these volumes in the presence of reversed septal movement has not yet been validated in this laboratory (Gibson, 1973 (Fig. 2) . In all patients in whom septal movement was normal, calculated stroke volume was considerably greater than that derived at cardiac catheterization, consistent with the presence of significant valvular regurgitation (Fig. 3) . Systolic time intervals (Table 3 Discussion This study shows that reduced exercise tolerance or clinical evidence of heart failure after mitral valve replacement may be due to a number of causes, singly or in combination. These include mitral prosthesis obstruction, paraprosthetic leak, other valvular lesions including tricuspid stenosis and aortic regurgitation, as well as impaired left ventricular function. Since all but the last of these are potentially correctable by surgery, accurate diagnosis in such patients is of considerable importance in their management. We were therefore disappointed to find that the usual clinical criteria for the diagnosis of these conditions were almost uniformly unhelpful.
It has been well documented that important mitral paraprosthetic regurgitation may be silent, and this picture was shown by one case in the present series in whom no murmur was heard at any time (Morrow et al., I964; Rockoff et al., I966; Sanders, I969) . The reason for this is not clear. It has been attributed to the murmur being in an unusual site, such as posteriorly over the right scapula (Sawkar, I969) , and, though this emphasizes the need for careful physical examination, it was not present in our case.
A more common problem, however, was that of a soft systolic murmur whose amplitude was reduced with medical treatment, and which was present in patients with or without mitral regurgitation. This appeared to be due to tricuspid regurgitation, though a soft systolic murmur may also result from a normally functioning mitral prosthesis caused by the presence of the cage in the left ventricular outflow tract. In the present series, as well as in previous ones (Willerson et al., I972) , a loud systolic murmur was more frequently due to a small leak which presumably causes more turbulence than a large one. It is clear, therefore, that the presence or absence of a systolic murmur is irrelevant in assessing the competence or otherwise of a mitral StarrEdwards valve.
Absence of the opening click of mitral prosthesis has been considered valuable evidence of mitral paraprosthetic leak (Aravanis, Toutouzas, and Stavrou, 1972) , but failure to demonstrate this sign in all i i patients in the present series makes us question its reliability. We were, however, able to confirm the finding of Willerson et al. (I972) that a decrease in the A20C interval is a useful physical sign of mitral paraprosthetic leak. Only i patient (Case 20) with significant mitral regurgitation had a value in the normal range. She also had an echocardiographic anomaly showing reversed septal movement which we were unable to explain. Reduction in A20C interval has also been reported with obstruction of a mitral prosthesis by Wise et al. (197I) who suggested that the increased mitral gradient caused a more rapid excursion of the ball. One patient in the present series with mitral obstruction had a 25 mm diastolic gradient across the prosthesis and a normal A20C interval. However, there was no difference in mitral gradient between those patients with mitral paraprosthetic regurgitation and those with normally functioning prostheses in spite of the differences in A20C interval. We conclude, therefore, that a reduction in A20C interval is a valuable sign of mitral paraprosthetic leak but not necessarily of obstruction. Unlike Willerson et al., we found ALVET not to be significantly different between patients with and without mitral regurgitation. This may reflect our comparison with patients with heart failure rather than asymptomatic controls as used by them. The presence of significant haemolysis also failed to provide evidence for paraprosthetic regurgitation, being present in only 3 patients out of 8 in whom it was sought. This finding is in line with previous reports by Kastor et al. (I968) (Barold, Javier, and Linhart, I968) . In addition, it carries a significant morbidity, particularly in severely ill patients, and especially in those in whom an aortic prosthesis is crossed retrogradely. Additional non-invasive tests would therefore be of value in screening patients for more definitive investigation.
We found that observation of septal movement was of value in the diagnosis of mitral paraprosthetic regurgitation. Septal movement was reversed in all patients in Groups i and 2, while it showed a normal pattern of movement in 9 out of the i i patients in Group 3 in whom there was a significant paraprosthetic leak. Normal septal movement was not specific for mitral paraprosthetic regurgitation since it also occurred in the presence of aortic regurgitation even if this is clinically undetected (Group IV). The mechanism is not certain. It appears to be unrelated to right ventricular overload or tricuspid regurgitation whose incidence was similar in Groups i and 3, and which, in other conditions, is usually associated with reversed, rather than normal, septal movement. It is not due to the cage of the prosthesis, since it may also occur with a Bjork-Shiley prosthesis (unpublished observation) which has no cage. It is possible that it reflects abnormalities of diastolic filling, since a normally functioning mitral Starr-Edwards valve is obstructive (Kezdi, Head, and Buck, I964) . In early diastole, therefore, filling of the right ventricle might be expected to occur more rapidly than that of the left, causing posterior movement of the septum. This would explain its reversion to normal with conditions causing significant ventricular filling by some route other than through the prosthesis itself either by a paraprosthetic dehiscence, or from the aortic root. Normal septal movement would not occur, therefore, with a small paraprosthetic leak (Group 2), or a leak dominantly through the ring rather than around it (Case I9).
A second echocardiographic feature of mitral paraprosthetic regurgitation was the presence of a very large stroke volume measured by echocardiography in comparison with that derived from cardiac catheterization. This was also present with aortic regurgitation. Though estimation of stroke volume may be affected by abnormalities of ventricular shape or by the presence of dyskinesia (Gibson, I973) , in the present series it was found that the disparity between stroke volume measured echocardiographically and at cardiac catheterization bore a relation to the severity of mitral paraprosthetic regurgitation or aortic regurgitation as assessed by angiography or at reoperation.
In conclusion, we feel that dysfunction of the mitral prosthesis should be considered in any patient who fails to show sustained improvement after mitral valve replacement. Unfortunately, physical examination, chest x-ray, electrocardiogram, and assessment of haemolysis are all unhelpful in establishing the diagnosis. A reduced A20C interval, and normal septal movement with an inappropriately large stroke volume on echocardiography, are all extremely suggestive of a mitral paraprosthetic leak, and indicate that definitive diagnosis should be made by left ventriculography. This may carry a significant risk, however, and on the basis of these results, we are now prepared to recommend operation in a severely ill patient on the basis of echocardiographic findings alone.
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